In this study, enamel micro-cracks produced around composite restorations were observed on surfaces and vertical sections, using a stereomicroscope and a scanning electron microscope (SEM). The effects of various clinical factors, i.e. the curing system, the marginal form and the polishing period after filling, on the incidence of marginal enamel micro-cracks were examined. Enamel micro-cracks were observed on all of the class 1 and 5 composite restorations when the cavity had no marginal bevel and the restorations were polished immediately after filling. Enamel micro-cracks distributed approximately parallel to the cavity margin and located 0.01-0.3mm from the restored cavity margin. The occurrence of enamel micro-cracks was higher in light-cured composite resin restorations than in chemical-cured ones, for non-beveled cavities when polished 10min or 24 hours after filling. The occurrence of micro-cracks was reduced by marginal beveling and delayed polishing.
INTRODUCTION
Clearfil photo bond , Kuraray Co., Ltd., Osaka, Japan *7
Clearfil photo posterior , Kuraray Co., Ltd., Osaka, Japan *8 Photo clearfil bright , Kuraray Co., Ltd., Osaka, Japan *9
Quick light VL-1 Kuraray Co ., Ltd., Osaka, Japan *10 Superfine diamond point SF318 , Shofu Inc., Kyoto, Japan *11 Mary diamond ffC-22 , Hinatawata Co., Ltd., Tokyo, Japan *12 Silicone point M-2 & M-3 , Shofu Co., Ltd., Kyoto, Japan *13 Microflex HFX-IIA , Nikon Co., Ltd., Tokyo, Japan *14 Hard tissue cutting machine ., Bronwill Vwr., USA *15 MINI-SEM MSM-9 , Hitachi-Akashi Co., Ltd., Tokyo, Japan Table 1 The treatment procedures of each groups used. From these teeth, canines and premolars possessing healthy enamel surfaces were selected for the study. A cylindrical cavity extending into the dentin (about 2mm in diameter and 1.5mm in depth) was prepared in the center of the labial surface of the experimental teeth, using a high-speed tapered fissure carbide bur*16. The half of the cavities were not beveled, and the remaining half were straight beveled using a fine particle diamond point*10. This was done to examine the influence of marginal forms.
One chemical-cured*17 and one light-cured composite resin*8 for anterior teeth were used. Each resin was used in combination with the bonding system*6,18 supplied with each resin kit.
After applying the bonding system in accordance with the manufacturer's instructions, cavities were filled with the chemical-cured or light-cured composite resin. The light-cured resin was photocured for 60 seconds. Ten minutes after filling, or 24 hours or 1 week after storage in water, the excess resin was removed from the margin with a flame-shaped diamond point*11. The resin restorations were polished with silicon points*12 under pouring water. Then, teeth were immediately immersed in 0.2% aqueous solution of fuchsin for 24 hours. Thereafter, the dye penetration into marginal enamel micro-cracks and marginal contraction gaps of the experimental teeth were examined under a stereomicroscope.
A stain between the enamel cavity wall and the resin was regarded as indicating marginal-gaps. A stain within the marginal enamel was assessed as representing micro-cracks.
The circumference around the cavity was divided into 12 segments.
The percentage of the segments showing enamel micro-cracks or marginal-gaps in all segments was scored as shown in Fig.  1 . The example in Fig. 1 shows 4/12=33.3%.
The sample tooth shown in Fig. 2 The results of micro-crack and marginal-gap assessments are shown in Figs 9 and 10. When the cavity margin was not beveled and the resin was polished 10 minutes or 24 hours after filling, the occurrence of micro-cracks was higher in the light-cured resin than in the chemical-cured resin. However, the occurrence of marginal-gaps did not significantly differ between light-cured and chemical-cured resins. The occurrence of enamel micro-cracks and immediately after photoactivation. Therefore, the internal stress of light-cured composite resin is concentrated in the superficial marginal enamel, probably resulting to higher occurrence of micro-cracks.
Marginal beveling was shown to reduce the occurrence of micro-cracks and microleakage. When the marginal enamel are beveled to give transverse sections of enamel prisms, the bond strength between enamel and resin increases12,13). Furthermore, because the beveled region can be firmly bonded to the resin, the marginal enamel is reinforced, resulting in an increased resistance of this region to polymerization shrinkage. When the teeth were polished 1 week after filling instead of 10 minutes or 24 hours after filling, the occurrence of micro-cracks and microleakage was reduced. The polymerization shrinkage acts as a tensile stress on the marginal enamel. The presence of excessive resin over the cavity margin suppresses the shrinkage of the resin and hence reduces the occurrence of enamel micro-cracks.
If the marginal excess resin is removed by polishing immediately after filling, the exerted force during polymerization shrinkage, which serves as an internal stress, can cause enamel micro-cracks.
Furthermore, if polishing is delayed until 1 week after filling, hygroscopic expansion occurs in the resin restoration7,14-15), and the internal stress is released. For these reasons, enamel micro-cracks are less likely to occur when the marginal excess resin is removed 1 week after filling.
From the viewpoint of preventing marginal leakage, it has been recommended that composite resin restorations be polished 24 hours or more after restoration16-17). From the results in this study, adjustment of the marginal area on the day of filling should be minimized. It is recommended that the restored tooth be polished 1 week after filling, when the inside of the filling material has been hygroscopically expanded, the mechanical and bond strength of resin has fully increased and it is easier to detect any clinically uncomfortable symptoms. However, adjustment of the marginal area on the day of filling is indispensable in the occlusal posterior restoration.
Therefore, further improvement in composite resin to minimize polymerization shrinkage is necessary. It is essential, at present, for the dental profession to attempt to prevent micro-cracks in the enamel by reforming the cavity shape or altering resin filling techniques.
CONCLUSION
Enamel micro-cracks produced around class 1 and 5 light-cured composite restorations were observed using stereomicroscope and SEM. The influence various clinical factors, i.e. the curing system, the marginal form and the waiting period between filling and polishing have on the occurrence of marginal enamel micro-cracks was also studied. The following results were obtained.
1) Enamel micro-cracks were observed around all of experimental class 1 and 5 lightcured composite restorations, when the cavity margin was not beveled and the restorations were polished immediately after filling. Micro-cracks occurred in the enamel parallel to the cavity margin about 0.01-0.3mm from the margin.
2) The occurrence of micro-cracks was more frequent in the light-cured composite resin than in the chemical-cured one, when the cavity margin was not beveled and the resin was 
